We collected data on radial velocities and distances of galaxies to elucidate structure and kinematics of the filament attached to the Virgo cluster from estimates. This galaxy cloud, called as "Virgo Southern Extension", is situated just on the edge of the Virgo "zero-velocity surface". The mean distance to Virgo SEx, 17 ± 2 Mpc, and the average radial velocity, 1172 ± 23 km s −1 , are very close to the Virgo cluster ones. In Supergalactic coordinates the Virgo SEx dimensions are 15 × 7 × 2 Mpc, where the major axis is directed along the line of sight, the second-major axis looks towards the Virgo core and the minor one is perpendicular to the Supergalactic plane. This flattened cloud consists of a dozen virialized groups with the total K-band luminosity of 1.7 · 10 12 L ⊙ and the total virial mass of 6.3 · 10 13 M ⊙ , having a typical dark matter-tostellar matter ratio of 37. The Hubble diagram for Virgo SEx galaxies exhibits a tendency of Z-shape wave with a velocity amplitude of ∼ 250 km s −1 that may be caused by a mass overdensity of ∼ 6 · 10 13 M ⊙ , and in order of magnitude agrees with the sum of virial masses of the groups.
It is well known that bright galaxies are concentrated along the Supergalactic equator not only northward of the Virgo cluster but also southward (de Vaucouleurs & de Vaucouleurs 1973) . Tully (1982) has called this structure "Virgo Southern Extension". According to Tully (1982) • ], while the radial velocities of galaxies populating it belong to the interval [500 < V LG < 1700] km s −1 .
The Virgo SEx location proposed by Tully seems to be rather conventional. Other authors (Binggeli et al. 1993 , Yoon et al. 2012 
limited the Virgo Southern Extension by the interval
Dec ≃ [0, +5 • ]. Considering the distance estimates for 22 galaxies in the Virgo SEx area, Tully & Shaya (1984) inferred that this filament guides galaxy flow into the virial zone of the Virgo cluster. Yoon et al. (2012) examined the absorption L α -lines in spectra of 7 quasars situated behind the Virgo SEx and suggested the existence of a large-scale flow of warm intergalactic gas towards the cluster centre.
It is worth emphasizing that structure and kinematics of the Virgo Southern Extension lack for researchers' application until recently. The accumulated observational data allow now to investigate this complex of galaxies in more detail.
STRUCTURE OF THE VIRGO SOUTHERN EXTENSION REGION
Optical and HI surveys carried out recently have improved significantly the observational basis for analysis of Virgo SEx structure. We restricted our consideration to the sky region (Jarrett et al. 2000) ; the 2MASS lacks K s -data for many blue and diffuse galaxies, so in these cases we make estimates for K s -magnitude from B-magnitude and mean colour index < B −K > for galaxies of each morphological type according to procedure described by Jarrett et al. (2000) ; (6) The total distribution of galaxy number over radial velocities for Virgo SEx complex is shown in Fig. 2 ; the galaxies with prevailing bulge component (T < 3) are greyed.
According to this data the distribution of galaxies over the sky seems to be clumpy and extended along the Supergalactic equator. The mean radial velocity and the mean morphological type of galaxies are actually independent on galaxies' distance from the Virgo centre. The total distribution of Virgo SEx galaxies over radial velocities follows in good agreement the Gaussian shape with the mean < V LG >= +1172 km s −1 and the standard deviation σ v = 285 km s −1 . For galaxies with prominent bulges these values are 1106 km s
and 282 km s −1 , respectively. The observed distribution N(V LG ) differs significantly from a strictly increasing one predicted by a uniform distribution of galaxies in the space. In other words, the filamentary structure of Virgo SEx can be considered as a kinematically segregated formation.
Some specific features of the sky region under investigation should be noted. It follows from the data by Tully & Shaya (1984) and Karachentsev & Nasonova (2010) that the radius of the zero velocity surface around the Virgo cluster is R 0 ≃ 6.5 Mpc or ∼ 23
• . Therefore, the southern boundary of the accretion sphere passes just through the centre of the Virgo SEx complex along the line of Dec ≃ −10
• . Alternatively, the Virgo SEx area is situated not far from the Great Attractor direction, so the kinematics of the considered sample of galaxies can be influenced by this aggregate. Unfortunately the zone which includes the Virgo SEx region is not represented photometrically in the CGCG (Zwicky et al. 1961 (Zwicky et al. -1968 and ESO (Lauberts & Valentijn 1985) catalogues. Even some bright galaxies populating this area have therefore a certain disagreement in their apparent magnitude estimates to an extent of 2 m -3 m . However, a part of considered region is already covered with SDSS data (Abazaijan et al. 2009 ) and, moreover, this structure is located completely in the HIPASS survey zone (Zwaan et al. 2003 , Meyer et al. 2004 ).
HUBBLE FLOW IN THE VIRGO SOUTHERN EXTENSION COMPLEX
The velocity-distance relation for 98 galaxies in the Virgo SEx zone is represented in the upper panel of Fig of different groups marked with circles are linked with dominating galaxies by straight lines.
The triangles indicate 26 members of the NGC 4697 group which seems to be an artificial group (see Section 4 for details). The thick broken line demonstrates the behaviour of the running median with a window 1 Mpc.
Note some features of this diagram.
As a first approximation, both field galaxies and groups members follow the Hubble relation with the slope mentioned above (the H 0 parameter). About 90 % of all galaxies have distance estimates in the range from 8 to 25 Mpc. Taking into account the typical distance error of ∼ 20%, the length of the Virgo SEx structure along the line of sight reaches about 15 Mpc which is twice more then its projected dimensions on the sky (7 Mpc). The mean distance to Virgo SEx galaxies, 17 Mpc, is roughly the same that the distance to Virgo cluster centre, i.e. the Virgo SEx filament is attached to the cluster at nearly right angle with respect to the line of sight. The behaviour of the running median indicates the presence of Z- 
TOTAL MASS OF THE VIRGO SOUTHERN EXTENSION COMPLEX
The main characteristics of 13 groups in the considered region of sky according to Makarov & Karachentsev (2009 , 2011 and Karachentsev & Makarov (2008) are presented in Table 2 .
The table columns contain: (1) name of the dominating galaxy, (2) equatorial coordinates of the group centre, (3) number of members with measured radial velocities, (4) mean radial velocity in the LG reference frame (km s −1 ), (5) dispersion of radial velocities (km s −1 ), (6) mean harmonic radius (kpc), (7) logarithmic total luminosity in the K s -band in solar units,
, where V i and R i are radial velocity and projected distance of the i-th galaxy relative to the system centre (Heisler et al. 1985) , (9) virial mass to K-luminosity ratio in solar units, (10) morphological type of the dominating galaxy, (11, 12) mean distance modulus and the group member modulus variance, (13) distance to the group centre (Mpc) corresponding to the mean modulus, (14) number of group members with measured distances. The initial mean parameters for these groups were slightly changed due to revised distances and appearance of new measurements of radial velocities.
It follows from the last column data of Table 1 Supposedly NGC 4697 and other 35 galaxies with similar velocities compose probably such a kinematically spurious "pseudogroup".
The total K-luminosity of galaxy groups forming the Virgo SEx complex reaches 1.7 · 10 12 L ⊙ while field galaxies contribute only 10 % of this value. The sum of virial mass estimates for 13 groups from Table 2 amounts to 6.3 · 10 13 M ⊙ which is practically similar to the estimate of the Virgo SEx total mass, 6 · 10 13 M ⊙ , obtained afore from the infall amplitude.
This agreement between both total mass estimates for the Virgo SEx complex made from internal and external motions looks notable. The total mass to K-luminosity ratio of the complex is 37 · M ⊙ /L ⊙ . The global matter density Ω m = 0.28 in the Standard model with Fukugita & Peebles, 2004 ) and the mean K-band luminosity density
Therefore, the obtained ratio of total mass-to-total K-luminosity, 37 · M ⊙ /L ⊙ , indicates the presence of a moderate amount of dark matter in the Virgo SEx complex with a typical value of Ω m ≃ 0.11.
According to data presented in Table 2 , the NGC 4594 = M 104 = "Sombrero" group with mass-to-luminosity ratio M/L K = 38 · M ⊙ /L ⊙ is among the most "dark" substructures in the Virgo SEx region. This group resides in the outskirts of the Local Volume and is populated with some faint dwarf galaxies of low surface brightness (Karachentsev et al. 
CONCLUDING REMARKS
The Virgo Southern Extension, an extended complex of galaxies situated south of the Virgo . Overview of the Virgo SEx structure. Top: galaxies with measured radial velocities. Bottom: galaxies with individual distance estimates in Supergalactic coordinates.
velocities V LG < 2000 km s −1 , among them 98 galaxies have individual distance estimates.
In Supergalactic coordinates the Virgo SEx structure is roughly characterized by dimensions of ∆SGX = 15, ∆SGY = 7 and ∆SGZ = 2 Mpc where the major axis is directed along the line of sight, the second-major axis looks towards the Virgo cluster and the minor axis is Intense look at Virgo Southern Extension 11 perpendicular to the Supergalactic plane (see Fig. 4 ). Hence, the Virgo SEx structure looks like a filament only in projection, having the true shape of a sheet.
Some authors claim that the Virgo SEx is somewhat like a cosmic feeding pipe conducting galaxies and intergalactic gas into the virialized core of the Virgo cluster (Tully & Shaya 1984 , Yoon et al. 2012 . Nevertheless, the mean radial velocity of Virgo SEx galaxies, < V LG >= (1172 ± 23) km s −1 , and their mean distance, < D >= (17 ± 2) Mpc, are essentially the same as the corresponding values for the Virgo cluster itself. Taking this into account, the radial flow of matter towards the Virgo cluster could be hardly registered observationally.
About 80 % of galaxies populating the Virgo SEx region are members of the MK-groups (Makarov & Karachentsev 2011). The total K-luminosity of these groups amounts to 1.7 · 10 12 L ⊙ while their total virial mass reaches 6.3 · 10 13 M ⊙ . As the mean K-band luminosity of stars matches their mean mass, the ratio of dark matter to visible (stellar) matter for the Virgo Southern Extension as a whole is M DM /M * = 37, i.e. a bit less than the corresponding value, 48 ± 6, for the Virgo cluster (McLaughlin,1999) .
The velocity-distance diagram for 98 galaxies of the Virgo SEx area shows some signs of Z-shaped wave probably caused by the deceleration of the Hubble flow due to the Virgo SEx overdensity. The observed amplitude of this effect ∼ 250 km s −1 corresponds to the overdensity mass of ∼ 6 · 10 13 M ⊙ being in agreement with the sum of virial masses of 13 MK-groups found in this region. 
